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Description 

1. TITLE OF THE INVENTION 

Process for preparing porous material 

2. CLAIM FOR THE PATENT 

A process for preparing a porous material, comprising: 
dissolving in an organic solvent a lactic acid polymer or a 
lactic acid-glycolic acid copolymer; 

solidifying the solution after adding a filler material which is 
substantially inert in the organic solvent and aqueous; 
and removing the filler material by adding water after removing 
the organic solvent. 

3. DETAILED DESCRIPTION OF THE INVENTION 
(INDUSTRIAL APPLICATION FIELD) 

The present invention relates to a process for preparing 
a biodegradable porous material, more particularly, a process 
for preparing a biodegradable porous material characterized in 
that it is degrade and eliminated in a certain period of time 
in vivo. 
(PRIOR ART) 

Prosthetic materials for medical applications are 
required to have extremely low biological tissue response. 
Materials such as polylactic acid and polyglycolic acid as bio- 
compatible materials have been applied recently for medical 
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uses. Additionally, these materials such as polylactic acid 
and polyglycolic acid are biodegradable, and thus applied as 
bioimplantable materials for sutures, etc, orthopedic 
prosthetic materials, etc. 

However, when such materials are pr:c-:-ssed as various 
implant materials, they are not yet complete in terms of 
biological tissue response, and thus an improvement of a shape 
of a material and a surface structure, which are factors 
thereof, has been targeted. It is known that growth of tissues 
into a biomaterial occurs when a pore size of the material 
exceeds 20 urn. For example, a pore size of a material of 100- 
250 urn is thought to be required for growth of bone cells. 

For that reason, a decrease in inflammation in vivo is 
tried through investigation of biomaterials porous. 

Conventionally as a process of preparing porous 
materials, a method in which a polymer of lactic acid or 
glycolic acid, etc. , is dissolved in an organic solvent such as 
toluene and the solution is dried is known. A freeze drying 
method, which is generally used as means for making materials 
porous is also known. 

Additionally, a method comprising dissolving polylactic 
acid in chloroform, adding thereto a chlorof orm-ethanol mixed 
liquid having sodium citrate, etc. dissolved therein, 
evaporating the solvents to crystallize, and then extracting 
and removing sodium citrate with ethanol is known (A.J. 
Pennings, Colloid. Poly. Sci., 261 , 477 (1983)). 

However, according to these methods, only porous 
materials having a small pore size are obtained, a heat 
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treatment at a high temperature and for a long period of time 
is required for removing trace amounts of solvents remained, 
and, as a result, a polymer is decomposed and shrinks, and 
furthermore trace amounts of organic solvents remained cause 
inflammation of biological tissues. Thus, the above are 
problems . 

According to the above method of Pennings, a pore size 
can be controlled in a certain degree, but additives are not 
completely removed in spite of extraction of the additives with 
ethanol over a long period of time, and a polymer is decomposed 
and shrinks due to heating at a high temperature as in the 
above. 

Japanese Patent Laid-open No. 61-14 9160 discloses that a 
biodegradable sponge is obtained by dissolving a polymer of 
lactic acid, etc., in an organic solvent such as benzene and 
f reeze-drying the resulting solution. 

However, according to the method, a porous material can 
be obtained but the pore size is as small as about tens um. 
Thus, the method cannot be used for the purpose of growth of 
bone cells as mentioned above, and further a pore size control 
for a desired purpose is difficult. 

Therefore, even now when it is known that adhesive 
properties of biological tissues depend on pore size of a 
material, no porous materials excellent in biocompatibility and 
harmlessness/saf ety and controllable in pore have yet found. 
(PROBLEMS TO BE SOLVED BY THE INVENTION) 

The present inventors have made extensive studies to 
obtain a biodegradable porous material highly safe and 
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controllable in pore size for a material good in 
biocompatibility for solving the above problems. As a result, 
the present inventors completed the present invention. 
(MEANS FOR SOLVING THE PROBLEMS) 

That is, the present invention relates to a process for 
preparing a porous material, comprising: dissolving in an 
organic solvent a lactic acid polymer or a lactic acid-glycolic 
acid copolymer; solidifying the solution after adding a filler 
material which is substantially inert in the organic solvent and 
aqueous; and removing the filler material by adding water after 
removing the organic solvent. 
(OPERATION) 

The process for preparing a porous material of the 
present invention is further described in detail below. 

The polymer of lactic acid or the copolymer of lactic acid 
and glycol ic acid used in the present invention can be prepared 
by polymerizing L-, D-, DL- lactic acid or glycolic acid as a 
raw material or by polymerizing L-, D-, DL- lactide or glycolide. 
The preparation thereof is not particularly limited. 

The molecular weight thereof used is about 5,000 to 200,000. 

It is preferred that glycolic acid or glycolide be used in 
the form of a copolymer with lactic acid or lactide from the 
viewpoint of degradability in vivo, and the composition ratio 
thereof is about 40 mol% or more as a lactic acid/glycolic acid 
molar ratio. 

In the present invention, such a polymer is first dissolved 
in an organic solvent. The organic solvent used is dioxane, p- 
xylene or benzene. 

_ 4 _ 



In this instance, a polymer concentration is changed 
according to a kind of the polymer used, the composition ratio, 
the molecular weight or a kind of the organic solvent used, etc., 
and thus is not particularly limited, but the polymer is 
dissolved in such a range that an amount of the polymer relative 
to the organic solvent is about 0.8 to 30 weight% . 

Next, a filler material, which is substantially inert in the 
organic solvent and aqueous, is added to/mixed with the polymer 
dissolved in the solvent. 

As the filler material, aqueous inorganic salts such as 
potassium chloride or sodi urn chloride; sac c h a r i d e s s u c h a s 
sucrose, glucose and D-mannitol; proteins such as gelatin, and 
aqueous synthetic polymers such as polyvinyl alcohol or 
polyacrylamide can be used, however, from the views of safety 
and easiness of handling, sucrose is usually preferable. 

The present invention has the feature that a desired pore 
size of the porous material can be controlled based on a 
particle size of an additive, such as sucrose, used. 

That is, in case a porous material having a large pore size 
is produced, additives having large particle sizes are used; and 
in case a porous material having a small pore size is produced, 
additives having small particle sizes can be selected. Thus, the 
control method is very easy. In respect to amounts of additives 
used, the additives are used is an amount by weight of about 
twice larger a total of an amount of the polymer and an amount 
of the organic solvent having the polymer dissolved therein. 

That is, the proportion of use is such an amount that the 
organic solvent having the polymer dissolved therein 
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sufficiently fills air spaces among additive particles; and, 
when the both lack good balance, a homogeneous porous material 
cannot be obtained. 

Meanwhile, in case the biodegradable porous material is used 
as, for example, a bone prosthetic material in the present 
invention, powder of hydroxyapatite or the like can be added 
simultaneously with the time of adding and mixing the above 
additives to obtain one having extremely effective 
characteristics in vivo as a bone prosthetic material due to an 
inclusion of the hydroxyapatite component and being a porous 
material . 

The above filler material of the present invention is added, 
and next the resulting material is solidified, and then, the 
above organic solvent added is removed. As means for the 
solidification, freezing is usually conducted at a temperature 
of 0 to 5°C. 

Additionally, as means for removing the organic solvent, the 
solvent is removed at a low temperature or an ordinary 
temperature under a reduced pressure of 1 to 25 mmHg after the 
freezing. Meanwhile, in case dioxane is used as the organic 
solvent here, such drying and removing operations can be 
moderately conducted, and dioxane highly soluble in water is 
completely removed at the time of the removing operation of the 
additives with water at the subsequent stage. 

Meanwhile, in this instance, the porous material becomes non 
woven fabric-like, and it is effective in case a cloth-like 
porous material is desired. 
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After removing the organic solvent, water is added to this 
polymer containing additives such as sucrose to make a wet 
condition, and the additives are extracted and removed by 
repeating this operation several times. 

The porous material of the present invention having no 
impurities and a controlled pore size and being good as a 
biodegradable material can be obtained by air-drying the wet 
porous material at room temperature after extracting and 
removing the additives. 
(EXAMPLES) 

Further explanations are described below by demonstrating 
examples of the present invention, but the present invention is 
not limited thereto. Meanwhile, all % represent weight! unless 
otherwise specified. 
Example 1 

1,4-dioxane (a reagent commercially available from KAN TO 
CHEMICAL CO., INC.) was added to 1.0 g of a copolymer of L- 
lactic acid and glycolic acid (containing 49 mol% of L-lactic 
acid, having a molecular weight of 1.5 x 10 4 ) to make 50 g, and 
the mixture was heated to dissolve the copolymer. 

Next, this polymer solution was cooled to room temperature, 
and then charged in a stainless pat (20 x 20 cm) filled with 117 
g of granular sucrose (particle size of about 0.5 mm), and the 
resulting homogeneous mixture of sucrose and the polymer 
solution was frozen at 0°C, 

After freezing, the resultant was dried under a reduced 
pressure of 1 mmHg for 2 hours, and, after drying, this was 
immersed in water at 27°C to extract sucrose. 
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Such an extraction operation with water was repeated until 
an elution of sucrose from the porous material was not observed 
by a colorimetric determination method, and next , this was taken 
out and was air-dried on a filter paper to obtain a porous 
material of the present invention. 

Meanwhile, the colorimetric determination method used for 
the quantitative determination of sucrose was conducted as a 
colorimetric determination at 486 nm based on the phenol- 
sulfuric acid method (by Ikuzo Uritani et al. , Biological 
Chemistry Experimental Method I, p44, published by Association 
Publication Center (1969)). 

Additionally, separately, the porous materials of the 
present invention were similarly prepared by using P-xylene or 
benzene as the organic solvent in place of the above 1, 4-dioxane 

Furthermore, a Comparative Example product was similarly 
prepared by using chloroform as the organic solvent for 
comparison. 

Pore sizes of the products of the present invention and the 
Comparative Example were measured by electron microscope 
observations, and porosity thereof was calculated based on 
apparent specific gravity and absolute specific gravity. 

These results are shown at Table 1. 



Table 1 





Kind of organic 
solvent 


Pore size 
(|im) 


Porosity 

(%) 


Shape 


Example 


i ,4-dioxane 


100-300 


97 


Sponge-like having 2 mm thickness 




P-xylene 


100 = 300 


97 


Sponge-like having 2 mm thickness 




Benzene 


100-300 


95 


Sponge-like having 2 mm thickness 


Comparative 
Example 


Chloroform 


25-60 


53 


Aggregated porous material 
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Example 2 

1,4-dioxane was added to 1.3 g of a polymer of L-lactide 
(molecular weight of 2,8 x 1Q 4 ) to make 49 g, and the mixture was 
heated to dissolve the polymer. 

Next, this polymer solution was cooled to room temperature, 
and then charged in a 100 ml volume glass cylindrical container 
(5 cmqj x 7 cm) filled with 100 g of granular sucrose (particle 
size of about 0.5 mm), and the resulting homogeneous mixture of 
sucrose and the polymer solution was frozen at 0°C. 

After freezing, the resultant was dried under a reduced 
pressure of 2 mmHg for 3 hours, and, after drying, this was 
immersed into water at 70°C to extract sucrose. 

After such an extraction operation with water was repeated 
and an elution of sucrose from the porous material was not 
observed, this was taken out and was air-dried on a filter paper 
to obtain a porous material of the present invention. 

Additionally, separately, the porous materials of the 
present invention were similarly prepared by using potassium 
chloride (a reagent commercially available from KAN TO CHEMICAL 
CO., INC.), polyvinyl alcohol (trade name KH-20 commercially 
available from Nippon Synthetic Chemical Industry Co., Ltd.) or 
gelatin (a reagent commercially available from KANTO CHEMICAL 
CO., INC.) as the additive in place of the above sucrose. 

Furthermore, a Comparative Example product was prepared by 
conducting similar operations using no additives for comparison. 

Meanwhile, the elution of the additives at the time of the 
extraction operation was confirmed by atomic absorption 
spectrophotometry for potassium chloride and by a measurement 
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with a total organic carbon meter for polyvinyl alcohol and 
jelatin . 

Pore sizes of the products of the present invention and the 
comparative example were measured by electron microscope 
observations, and porosity thereof was calculated based on 
apparent specific gravity and absolute specific gravity. 

These results are shown at Table 2. 



Table 2 





Additive 


Pore size 


Porosity 
(%) 


Size of porous material 
(diameter x height cm) 


Kind 


Particle size 
(mm) 


(um) 


Example 


Sucrose 

Potassium 

chloride 

PVA 

Gelatin 


0.5 

0.2 

0.3 
1.0 


100-300 

40-150 

200-500 
300 - S00 


92 
87 

90 
76 


4.8 x 4.5 

4.0 x 4.2 

4.2x4.1 
3.8x4.2 


Comparative 
Example 


No additives 




1-5 


46 


2.4 x 3.3 



Note) PVA: abbreviation of polyvinyl alcohol 



Example 3 

1, 4-dioxane was added to 2.0 g of a polymer of L-lactide 
(molecular weight of 7.2 x 10 4 ) to make 100 g, and the mixture 
was heated to dissolve the polymer. 

Next, this polymer solution was cooled to room temperature, 
and then the polymer solution and granular sucrose (about 0.5 mm 
of particle size) were mixed at a ratio shown at Table 3, and 
the resulting homogeneous mixture was frozen at 0°C. 

After freezing, the resultant was dried under a reduced 
pressure of 1 mmHg under the conditions shown at Table 3, and, 
after drying, this was immersed into water at 27°C to extract 
sucrose. 
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Such an extraction operation with water was repeated until 
an elution of sucrose from the porous material was not observed 
by a colorimetric determination method, and next this was taken 
out and was dried under a reduced pressure at 70°C for 2 hours to 
obtain a porous material of the present invention. 

Porosity thereof was calculated based on apparent specific 
gravity and absolute specific gravity. These results are shown 
at Table 3 . 



Table 3 



Polymer liquid 
amount (g) 


Sucrose amount 

(g) 


Drying 

conditions (hr) 


Porosity 

(%) 


Shape 


9.8 


21.6 


No drying 


98 


Non woven fabric-like 


10.0 


22.5 


No drying 


98 


Non woven fabric-like 


S.5 


16.8 


1 


97 


Sponge-like 


9.5 


19.4 


2 


97 


Sponge-like 


8.4 


17.2 


2 


97 


Sponge-like 



Example 4 

Tissue response of the porous materials were examined in 
rats by using the product of the present invention obtained by 
using sucrose as the additive and the product of the Comparative 
Example using no additive in Example 2. 

The porous materials of the present invention and the 
comparative example were cut off into sheets having a thickness 
of 2 mm and 5 x 5 mm square and embedded in rats subcutaneously. 
As a result, foreign body giant cells were observed in week 6 
for the product of the Comparative Example, but no abnormal 
cells were observed for the product of the present invention. 



